During summer seasons of 2015 and 2017, a field experiment was conducted at the Research and Experimental Station (30°19′ N, 31°16′ E), Faculty of Agriculture, Ain Shams University at Shalakan, Kalubia Governorate, Egypt, to investigate the effects of combinations between hydroxyl apatite nanoparticles (0, 3, and 6 kg/fad) and calcium carbonate nanoparticles (0, 500g/fad) as nano-fertilizers under irrigaton intervals, (irrigation every 2 or 3 weeks whereas irrigation every 2 weeks as a recommended practice) on growth of soybean plants. Irrigation intervals had statistically significant effect on plant height (cm), number of branches per plant, number of leaves per plant, leaf area index, number of pods per plant, number of root nodules per plant, root dry weight per plant, stem dry weight per plant, leaves dry weight per plant and pods dry weight per plant. These results were fairly true in the two studied seasons 2015, 2017 and combined result. plant height, numbers of branches per plant, numbers of leaves per plant, leaf area index, number of nodules per plant and number of pods per plant of soybean plants which treated with 500 g/fed surpassed untreated plants in the two studied seasons 2015, 2017 and combined. Soybean plants treated with 6 kg hydroxyl apatite nanoparticles per feddan out-numbered other plants in its numbers of leaves per plant, leaf area index, number of root nodules per plant and number of pods per plant in the two growing seasons 2015, 2017 and combined data. Results showed that normal irrigation x 500g/fed calcium carbonate nanoparticles x 6kg/fed hydroxyl apatite nanoparticles was the effective combination for producing the highest values of plant height (cm), number of branches per plant, number of leaves per plant, leaf area index, number of pods per plant, number of root nodules per plant, root dry weight per plant (g), stem dry weight per plant (g), leaves dry weight per plant (g) and pods dry weight per plant (g). There weren't significant results between plants treated with nano-mineral fertilizers under irrigation every 3 week and plants untreated but irrigated every 2 week in all growth traits, which reflect appositive result of this chemical substance in mitigation harmful effect of water shortage in season 2015, 2017 and combined data.
INTRODUCTION
Soybean is a vital source of vegetable protein for food and animal feed world-wide. It is predicted to become a major crop in Africa (Sinclair et al 2014). Soybean occupies a unique position in science and agriculture, in addition of being a crop with enormous uses. Soybean is grown in almost all parts of the world for human consumption, industry and animal feed (Boydak et al 2002) . Soybean plays an important role in supplying oil and protein needed by humans (Agarwal, 2007; Shi et al 2010) . Its protein has great potential as a major source of dietary protein. The oil produced from soybean seeds is highly digestible and contains no cholesterol (Essa et al 2001) .
Irrigation is one of the important factors affecting soybean growth, yield and its related components. Exposing soybean plants to soil moisture stress at any phase of its life cycle might lead to detrimental effect on growth, yield and its components. The most important stages for soybean AUJASCI, Arab Univ. J. Agric. Sci., 27(2), 2019 plants to have adequate water are during pod development and seed fill (Kranz et al 1998) . During the last few years, water has become a limited resource in Egypt. Consequently, the search for technologies/ measures to save/ conserve water in irrigated agriculture has intensified. Therefore, decreasing plant water consumption by longer irrigation intervals will save irrigation through reducing number of irrigation but still attain similar economic yield (Mahmoud, Gamalat et al 2013). Ibrahim and Kandil Hala (2007) in clay loam soil in Egypt found that irrigation intervals significantly affected the growth and yield parameter. The highest values of plant height, plant dry weight, no. of seeds/plant and yields/fed were obtained by irrigation every 14 days as compared with irrigation every 7 and 21 days.
The emergence of nanotechnology and the development of new nanodevices and nanomaterials open up potential novel applications in agriculture and biotechnology (Scott and Chen, 2003 and Joseph and Morrison, 2006) . It considers the greatest solution can we choose now to develop our agriculture practices. Consequently, our information's about that technology must be growing up. Nanotechnology concentrated on the application of modern strategies for management of water and pesticides (Ram et al 2014). Promising nanotechnology applications address low use efficiency of agricultural production inputs and stress of drought and high soil temperature. Nanoscale agrichemical formulations can increase efficiency use and decrease environmental losses. Nanoporous materials capable of storing water and slowly releasing it during times of water scarcity could also increase yields and save water (Bouwmeester et al 2009).
Mined phosphate rock is increasingly considered a strategic resource whose supply could become severely limited in the future and there are no substitutes for phosphorus in agriculture. Utilization of phosphorus from the applied commercial phosphorus (p) fertilizers by plants is very low due to its complex chemical reactions in soils. The efficiency of applied P fertilizer is assumed as low as about 20% depending on soil properties. This has led to a search for more efficient strategies for improving crop production in low P soils (Shenoy and Kalgudi 2005). Phosphorus use efficiency can be improved by optimizing land use, preventing erosion, maintaining soil quality, improving fertilizer recommendations and fertilizer placement meth-ods, improving crop genotypes, promoting mycorrhizas (Schr€oder et al 2011) and using manures and biochar (Gunes et al 2014). In addition to these, using synthetic nano-hydroxyapatite [Ca10 (PO4) 6(OH) 2; NHA] can be promising strategy to increase P fertilizer use efficiency. The current literature on NHA is mainly focused on its biomedical applications while potential agricultural applications have not been adequately addressed (Kottegoda et al 2011). Kottegoda et al (2011) used urea modified hydroxyapatite as slow release fertilizer. Liu and Lal (2014) considered NHA as alternative P fertilizer and they suggested that NHA can potentially enhance soybean grown in peat-perlite mixture.
Calcium is an alkaline material widely distributed in the earth. It is the fifth most abundant element (by mass), usually found in sedimentary rocks in the mineral forms of calcite, dolomite and gypsum. Plants need calcium for growth and development it activates number of enzyme activities, metabolisms, nitrate uptake (a useable form of nitrogen), biomass ratio (Savithramma, 2002) and photosynthetic rate (Savithramma, 2004; Savithramma et al 2007) . Calcium carbonate is a primary component of garden lime, also known as agricultural lime, which is used to enhance the soil quality by increasing pH and water holding capacity of acidic soils. Calcium carbonate sources such as limestone and chalk, along with other chemical compounds are used in the preparation of agricultural lime, when added to the soil acts as a calcium source for plants (Sabriye et al 2012). Recently, Kara and Sabir (2010) tested a 100% natural product made of Ca, Mg, Fe and Si elements and found beneficial in production of robust plants by accelerating vegetative growth in nursery. Sprayed onto the leaves the activated micronized particles penetrate through the stomata into the leaves. In the leaves the particles are split into CO2 and CaO and MgO which are immediately available for plant. This process is triggered by chlorophyll absorbing light resulting in CO2 plus H2O being converted to carbohydrates and O2. The nano-particles can enter directly through the stoma into the leaf (Karaand Sabir, 2010). The calcite particles are then split into CaO and CO2 which, as demonstrated by Chen et al (2004), is the driving force of the photosynthesis. The aim of this study to evaluate response of soybean plants growth to hydroxyl apatite nanoparticles and calcium carbonate nanoparticles under two irrigation intervals.
Response of soybean growth to nano-mineral fertilizers under two irrigation intervals
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MATERIALS AND METHODS

Experimental site
During summer seasons of 2015, 2016 and 2017, a field experiment was conducted at the Research and Experimental Station (30°19′ N, 31°16′ E), Faculty of Agriculture, Ain Shams University at Shalakan, Kalubia Governorate, Egypt, to study the effects of combinations between hydroxyl apatite nanoparticles and calcium carbonate nanoparticles as nano-fertilizers under two irrigation intervals, on growth of soybean plants (Glycine max, Merrill c.v. Giza 111). In 2016 season, experiment was canceled owing to weed competition. The soil was clay loam and its properties are shown in Table (1). The preceding crop was wheat in both seasons. 
Experimental treatments
The experiment included 12 treatments which were the combinations of: (control), 500 g fed -1 calcium carbonate nanoparticle was sprayed three times after 25, 45, and 65 days from sowing. Calcium carbonate nanoparticles was purchased from Bio-Nano fertilizer company and was characterized by xray diffraction, average crystal size 93.3 Nano-meters.
AUJASCI, Arab Univ. J. Agric. Sci., 27(2), 2019 3-Irrigation intervals: irrigation treatments, (irrigation at 2 and 3 weeks whereas irrigation every 2 weeks as a recommended practice). Irrigation treatments were followed after El-Mohaya irrigation (25 days after planting).
Experimental practices and design
Treatments were arranged in the strip split plot design in 4 replicates. Plot area was 10.8 m 2 (6 ridges 3 m as long 0.60 m apart). Soybean seeds were sown in hills (20 cm between hills) on 25 th May and 28 th May in 2015 and 2017, respectively.
Two plants were left in every hill while plant cultivation in the two sides of hill. Seeds were inoculated with Bradyrhizopium Jabonicum before sowing directly and nitrogen fertilizer (urea 46% N) was applied at the rate of 15 kg nitrogen as an active dose after 25 days from sowing. Soybean (C.V. Giza 111) seeds (gained from, Field Crops Research Institute, ARC) were broadcasted at a rate of 30 kg fad -1 , after irrigation. All other recommended cultural practices were adopted throughout the two seasons according to (Research Department, Field Crops Research Institute, ARC).
Sampling and assessments
Five plants were taken at random after 80 days from sowing of each plot to study the following growth characters:- Leaf area index (LAI) was estimated according to Watson (1947).
Statistical analysis
Data were subjected to analysis of variance (ANOVA) according to Gomez and Gomez (1984) , using COSTATC software. The combined analysis of variance for the data of the two seasons was performed after testing the error homogeneity. The differences among means were tested using the least significant difference (LSD) test at 0.05% probability level.
RESULTS AND DISCUSSION
A-Effect of irrigation intervals
Data presented in Table ( 2) show that plant height and numbers of leaves per plant were significantly influenced by irrigation intervals in the two studied seasons 2015, 2017 and combined result while numbers of branches per plant as well as leaf area index were significantly affected by the irrigation intervals in the second season (2017) only. In respect, plants irrigated every three weeks scored the superiority in its number of nodules per plant and/or number of pods per plant in the two growing seasons under study. The previous measure characters scored the highest values in the second season than the first one. These results may be due to the effect of water abundance in increasing growth characters of soybean.
Results in Table ( 3) indicated that irrigation intervals had statistically significant effect on root dry weight per plant, stem dry weight per plant, leaves dry weight per plant and pods dry weight per plant. These results were fairly true in the two studied seasons 2015, 2017 and combined result. Plants irrigated every three weeks surpassed others of two weeks in all measure characters. The increments were 0.86, 4.62, 4.97 and 2.45 g/plant for root, stem, leaves and pods in combined results. These results may be regarded to the effect of sufficient water in pushing growth of soybean through cell numbers, cell elongation and cell division which in term of dry matter accumulation of root, stem, leaves and pods. 
B-Effect of calcium carbonate nanoparticles rates
Data presented in Table ( may be owing to calcium carbonate nanoparticles can enter directly through the stoma into the leaf and then split into (CaO) which important on growth it activates (number of enzyme activities, metabolisms, nitrate uptake, biomass ratio and photosynthetic rate) and (CO2) which is the driving force of the photosynthesis.
Dry matter accumulation of soybean plants sprayed with 500g/fed of calcium carbonate nanoparticles out-weight other untreated plants in root, stem and leaves in the first season and combined results while pods weight influenced significantly in the second season and combined results ( Table  5) 
C-Effect of hydroxyl apatite nanoparticles rates
Plant height, numbers of branches per plant, numbers of leaves per plant, leaf area index, number of root nodules per plant and number of pods per plant of soybean plants statistically significant influenced by treating with hydroxyl apatite nanoparticles rates in the two studied seasons 2015, 2017 and combined result (Table 6) . Soybean plants treated with 6 kg hydroxyl apatite nanoparticles per feddan out-numbered other plants in its numbers of leaves per plant, leaf area index, number of root nodules per plant and number of pods per plant in the two growing seasons 2015, 2017 and combined data. These trends may be due to the more great permeability and high speed of hydroxyl apatite nanoparticles which mean more easily to penetrate into soybean leaves and release P and Ca which play an important role in pushing plant growth of soybean plants.
Results tabulated in Table ( 
D-Effect of interaction between irrigation intervals and calcium carbonate nanoparticles
Results in Table ( 
E-Effect of interaction between irrigation intervals and hydroxyl apatite nanoparticles
Data in Table ( 
F-Effect of interaction between calcium carbonate nanoparticles and hydroxyl apatite nanoparticles
Results tabulated in Table (10) indicated that interaction between calcium carbonate nanoparticles and hydroxyl apatite nanoparticles had statistically significant effects on soybean plant growth ., 27(2 3 (1-8 Fig. from 1 to 8 show the effect of the interaction between calcium carbonate, hydroxyl apatite levels and irrigation intervals treatments on soybean growth parameters. Results revealed clearly that the interaction effect was significant. This significant effect of the above interaction means that the tested calcium carbonates and hydroxyl apatite levels do not take the same behavior under the different treatments of irrigation intervals. Results also showed that soybean plants were treated with 3 kg/fed hydroxyl apatite nanoparticles (A2), 500 g/fed calcium carbonate nanoparticles (C2) and irrigation every two weeks (IR 1) gave the highest means values of plant height (82.66cm) and number of branches /plant (3.69) but interaction between 6 kg/fed hydroxyl apatite nanoparticles (A3) and 500 g/fed calcium carbonate nanoparticles (C2) under irrigation every 2 week (IR 1) scored the maximum values of numbers of leaves (46.50) per plant, leaf area index (9.13), number of nodules per plant (98.01), number of pods per plant (74.57), stem dry weight per plant (17.35 g) and leaves dry weight per plant (20.55 g). On the other hand the lowest means values were recorded at combination between zero kg/fed hydroxyl apatite nanoparticles (A1) and zero g/fed calcium carbonate nanoparticles (C1) under irrigation every 3 week (IR 2) on all growth attributes. As shown from Fig. (1 to 8) there weren't significant results between plants treated with nano-mineral fertilizers under irrigation every 3 week and plants untreated but irrigated every 2 week in all growth traits, which reflect appositive result of these chemical substances in mitigation harmful effect of water shortage. Liu and Zhao ( 
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